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THE RAILROAD DYNAMOMETER CAR OF THE 
UNIVERSITY OF ILLINOIS AND THE 
ILLINOIS CENTRAL RAILROAD 
l. INTRODliCTIOK 
1. Purpose and Scope of C'ircular.-This Circular of the Uninr::-:ity 
of Illinois Engineering Experiment Station presents a history of the 
development of University of Illinoi::-: railway dynamometer cars over 
a period of nearly half a century from 1898 to 1947. In addition it 
describes many pieces of equipment and gins instructions for the 
care. operation, and calibration of most of these. 
Intended in the first place to serve as a guide in training operators 
for car No. 30 - the University's present dynamometer car - the 
Circular can with a few alterations be made to apply to any dyna-
mometer car, whether used for obtaining data on train resistance 
values, on tonnage ratings , or on locomotive testing. The Circular 
contains a number of suggestions which will prove useful to anyone 
who contemplates the designing, building, renovating, and equipping 
of a railway dynamometcr car. 
A companion publication is Bulletin No. 376 of the Univer,;ity of 
Illinois Engineering Experiment Station. Scheduled for appearance 
soon after this Circular is issued, the Bulletin presents values of freight 
train resistance at train speeds of 40 to 70 mi. per hr. and also includes 
curves relating to lowspeed train resistance values. Since Bulletin No. 
376 deals with results only, those interested also in the equipment and 
investigative methods will find the present Circular a necessary sup-
plement to the bulletin. 
2. Historical Development.-The study of train resistance dates 
back to at least 1836, when Pambour's Locomotive Engines described 
tests made to determine the pull necessary to move railroad trains. 
The dynamometer used , a separate piece of apparatus placed between 
the tender and the train, was a simple spring balance which gave a 
very poor indication of drawbar pull. In 1862 P. H. Dudley, a civil 
engineer and an authority on the economics of train operation, offered 
several fundamental suggestions regarding the efficiency of train opera-
tion at different speeds. To demonstrate and prove many of his 
theories, in 1874 he designed and built a dynamometer car which may 
be considered one of the first of its type. The recorder (Fig. 1) , called 
a dynagraph, possessed many of the features of the most modern 
dynamometer cars. 
5 
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In addition to the dynamometer an elaborate system of apparatus 
\ms installed to record conditions of the track. 
The locomotive pull was registe red on a chart, dri,·en from one 
axle of the car, through a hydraulic cylinder attached to the under-
frame of the car. The cylinder \YaS equipped \\·ith t\rn pistons, one to 
measure buff and the other pull. Besides drawbar pull the graphic 
records made on the 30-in. chart \Yere speed. work, time, coal, \Yater, 
and condition of the track. Apparatus for making gas analysis "·as 
provided. 
3. Dynamometer Car No. 609.- The University of Illinois became 
interested in the railroad dynamometer car and in locomotiYe testing 
when in 1898 car No. 609 (Fig. 2) was built b~· the Peoria and Eastern 
Railway (now a part of the New York Central System) and equipped 
by the University. Like Dudley's dynamometer car, No. 609 was 
equipped with hydraulic apparatus - entirely separate from instru-
ments for train resistance measurements - for inspecting track concli-
tions. It autographically recorded the character of the surface and of 
the joints of each rail, the deviation from gauge, and the supereleYa-
FIG. 1. DUDLEY 'S DYKAGRAPH 
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tion of the rail on curves. Part of the track inspection apparatus was 
mounted on a two-wheel auxiliary truck near the center of the car. 
Car No. 609 was, it is believed , returned to service as a caboose in the 
earl~· 1900's after its test apparatus was removed. 
4. Dynamometer Car No. 17.-This car (Fig. 3) was built in 1900 
by the Illinois Central at its Burnside Shops and was equipped by the 
University. In 1907 it was rebuilt, steel girders were added to rein-
force the wooden center sills, and a new set of recording apparatus was 
Fie. 2 (ABOVE). DYNAMOMETER CAR No. 609 
Frc. 3. DYNAMOMETER CAR No. 17 (1900) 
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Fm. 4. DYNA:\10METER CAR No . 17 (1907) 
designed, built, and installed. At this time, also, an auxiliary truck 
(Fig. 4) \YaS mounted under the car body, the wheels of which when 
lowered to the rails would cause the record chart to move proportion-
a lly to the speed of the train or, to speak more accurately, to the 
distance traveled. The car number was changed in 1922 to No. 22 and 
later to No. 30, by which the car is now designated. In 1937, just 
before the beginning of the tests reported in Bulletin 376 of this 
Station, the car was again overhauled. The underframe was heavily 
reinforced ,,·ith steel, the auxiliary truck removed, and the recorder 
driven by an axle-geared assembly applied to one of the car axles. 
The wheels of the driving axle were given a cylindrical tread. Figure 5 
is an exterior and Fig. 6 an interior view of the car; Fig. 6 shO\YS the 
Leeds and Northrup ::\Iicromax potentiometer-type speed recorder 
installed in 1937. 
FIG. 5. RAILWAY T EST CAR OF 1937 
CJRC. 52. RAILROAD DY!\" . .\:\'10 :\lETER CAR 9 
Fie. 6. l NTEIUOR OF RAILWAY T EST c.~R ?\o. 30 (1937) 
The old car is described in Bulletin 43 of this Station. The changes 
made in 1907 - including methods of strengthening the underframe -
were set forth in detail by F. W . Marquis in the Railway Age Gazette 
of February 19, 1909. A report on the car and equipment built in rnqo 
as well as on car No. 609 is in the Proceedings of the P acific Coast 
Railway Club for November 16, 1901 , under the title "The Dyna-
mometer Car and Its Uses." 
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II. PRESEl\T CAR AXD BASIC EQUIPMENT 
5. Dynamometer Car No. 30 (1943).-The new car (Fig. 7) , built 
b~· the Illinois Central at its Burnside Shops, is 60 ft. long and 8 1/2 ft. 
wide and \Yeighs 621h tons. Of heavy steel construction, it is built and 
equi pped to operate in any type of train service. The interior is divided 
into three sections, shown in Fig. 8. At the front a 21-ft. operating 
room contains the recording table and all testing apparatus, desk, 
tool bench , supply cabinet, and an electrical locker (Fig. 9). This 
Fm. 9. INTERIOR OF ELECTRICAL LocKER OF CAR No. 30 (1943) 
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Fie. 10. FROXT Exn OF OrERATIKG Roo:v1 OF CAR ~o. 30 (1943 ) 
locker, behind the recorder operators, contains in t urn all electrical 
circuit terminals, control switches, and protective circuit breakers and 
fuses. All circuits from the recording table, cable running to the 
locomotive, and wire connections to other parts of the car terminate 
on panel boards in this locker - an arrangement that permits quick 
and easy shifting from one piece of apparatus, or one circuit, to 
another. 
A specially built locker for holding a supply of recording paper 
and the completed charts is shown in Fig. 10. The top of this locker 
is used as working space on which to unroll the record charts when 
data are to be obtained from them. It also serves as a place to put 
indicating and recording equipment for special tests. In Fig. 10, 
furthermore, is given a view of the front of the operating room. Some 
special equipment is shown, consisting of a 12-element magnetic coil 
type of oscillograph , 100-ohm decade resistance box for the oscillo-
graph galvanometers, a power unit, and a cathode ray oscilloscope. All 
are mounted on a 2-in . shock-absorbing cushion of hair felt and are 
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used in connection with General Electric electric pressure gauges fo r 
measurement of pressures in the cylinders of a steam locomotive, 
from which engine indi cator cards are constructed. 
Behind the operating room and connected to it by a passageway 
are two staterooms, each equipped with sleeping accommodations for 
four men, with overhead lockers for bedding and lower space for the 
crew's personal effects. Removable tables permit t he staterooms to be 
used as workrooms. 
Ample clothes lockers for the personnel of t he car , a shower bath, 
lavatories, and a toilet room occupy t he next section , above which 
arc five gravity water storage tanks whose combined capacity, 600 
gal., suffices for all needs. 
The rear encl section contains a kitchen ·wi th charcoal range, sinks, 
icebox, and food lockers. Metal surfaces are of o;tainless steel. Over-
head lockers hold extra dishes, food, and supplies. Also located in t he 
kitchen section is an oil heater to heat the car and provide hot water 
for dishwashing and toilet use. Beside the heater, and enclosed in a 
semi-airtight and soundproof compartment, is a Diesel-driven 32-vol t 
d-c. generator which furni shes power when the car is on a siding or 
operating in such slow-speed service that the axle light generator can-
not keep the 32-volt car light ing battery charged, or \Yhen a constant 
voltage is desired during special tests. Two sets of louvers are provided 
in the engine generator cabinet whereby air is dra\rn in from the 
outside, forced over t he engine, and exhausted to the outside of the 
car. The louvers are kept closed when the engine is not operating. 
While the car is not air- conditioned at present, it is heavily insu-
lated and is provided with numerous electric fans and ventilators 
which make for comfortable operation except in the hottest weather. 
Plans have been discussed for installing an air-conditioning system 
on the car or placing small cooling units in the staterooms and per-
haps the operating room. 
6. D ynamometer.-The dynamometer, or apparatus for measuring 
the pull of the locomotive, is the most important piece of equipment 
on the car. The new car, like the old one, uses a volume of oil to trans-
mit the drawbar pull to the recording instruments. In fact, the 
hydraulic cylinder from the old car was removed and was riveted to 
the heavy underframing of the new, immediately behind the drawbar 
yoke and in line with it. 
The details of the cylinder are shown in Fig. 11. Its inside 
diameter is 10 in. , its piston length 7)12 in. Both piston and cylinder 
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are ground to an exact fit and no piston packing or rings are used. 
The pull is transmitted from the drawbar yoke to the piston through 
a heavy roller-borne ~-oke, and the whole device is practically friction-
less. A slight leakage of oil does take place around the piston, but it 
serves to properly lubricate the surface between cylinder and piston 
and proceeds so slowly as to be no inconvenience, even under maximum 
drawbar pull. The leakage oi l flo\\·s to a driptank and later is returned 
to a supply tank by air pressure. Oil from the supply tank is re-
turned to the hydraulic system by means of a hand pump when the 
train is at rest or when moving downgrade and exerting no drawbar 
pull. However, the cylinder may be refill ed v.·hile the car is in opera-
tion without impairing the accuracy of the record. The oil in the 
hydraulic system varies from S.A.E. 20 for cold weather use to S.A.E. 
50 for operation in the hottest summer weather. 
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Fro. 11. CYLINDER OF THE DYNAMOMETER 
Figure 12 is a schematic diagram of the drawbar pull apparatus 
with the valves controlling the movement of oil throughout the system. 
Once a season or when weather conditions require change in oil, the 
oil supply tank is filled from an opening on the roof of the car. The 
whole oil system may be drained from the driptank; the oil from other 
parts of the drawbar pull apparatus either drains by gravity to the 
driptank or is forced into it by air pressure. 
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7. Types of Cars.-The main difference bebrnen the Uninrsity-
Illinois Central car and most others of the same kind that are used 
on American railroads is in the manner of transmitting locomotive pull 
to the recording in struments. As mentioned, car No. 30 has an oil 
c)·linder attached rigidly to the und erframe and in line with the draw-
bar. When pull takes place on the drawbar, a piston is forced into the 
oil-filled cylinder, and the oil pressure is transmitted to the small 
cylinder of the drawbar pull recorder. No arrangements han been 
made to record buff or shock. When backing up, the yoke connected 
to the draft gear moves backwards over the pull rod , thereby relieving 
piston and cylinders of umrnnted shock. Most other dynamometer 
cars have a vertical lever whose fulcrum consists of bearings rigidly 
fixed to the car frame. The 10\Yer end of the lever is attached to the 
drawbar draft gear, the upper end to two pistons - one for measuring 
drawbar pull, the other buff. Oil transmits pressures to pull and buff 
recorders. 
8. Drawbar Pull R ecorder.-Because of a drawbar pull the pres-
sure of the oil in the cylinder underneath the car is transmitted to a 
small cylinder of a special indicator attached to the recording table 
in the operating room. In design the indicator is identical with one of 
the modern types of outside-spring steam engine indicators, though 
larger and heavier throughout. Figure 13 shows the recorder and 
springs. 
FIG. 13. DRAWBAR PULL RECORDER AND SPRINCS 
'I 
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Three sizes of cylinder bushings are used in order to adapt the 
recorder to various types of locomotives and different train weights. 
The bushings are provided with pistons ground to an exact fit, and are 
l/z, 1, and lY:! sq. in. in area. Five springs, aYailable and easily applied 
to the recorder, are rated at 100, 150, 300, 500, and 700 lb. The spring 
ratings mean that a dead weight of 700 lb. suspended from the 700-lb. 
spring would elongate it 1 in. A 1-in. movement of the small piston 
and spring of the recorder \\·ould cause a 6-in. movement of the dra\Y-
bar pull recording pen. 
By the use of different combinations of springs and cylinders it 
is possible to obtain a long ordinate of drawbar pull whether the train 
consists of one car or of 200 loaded coal cars. 
9. Calibration of Drawbar Pull R ecorder.-The accuracy of the 
drawbar pull recorder depends greatly upon the calibration of the 
recorder, a detailed account of which follows. 
Valve no. 7 (Fig. 12), under the front end of the car, is first closed. 
This cuts off the oil line between the recorder and the hydraulic 
cylinder underneath the car. A dead weight gauge tester is properly 
set up and a flexible copper tube is attached to valYe no. 9. A flow 
of oil expels any air from the tube, and the other end of the tube is 
attached to the dead weight tester, where the gauge is usually 
mounted. The record chart is slowly moved by means of the electric 
motor, and the zero setting of the recording pen is made with refer-
ence to the datum-line pen provided for the drawbar pull record. The 
paper movement is stopped. Any pressure on the volume of oil 
between the dead " ·eight tester and the drawbar pull recorder will 
cause the recorder pen to move proportionally to the pressure exerted, 
exactly as if it were caused by a locomotive pulling a train. A dead 
weight tester capable of exerting a pressure of 2000 p.s.i. is adequate 
for calibrating most drawbar pull recorders. 
When a weight is placed on the dead weight tester, whirled slowly 
to reduce friction, and pushed down slightly to take up any lost motion 
in the record-pen moving mechanism, the chart is moved about an inch 
and thereby a permanent record of the calibration is made. Each time 
that an additional weight is placed on the tester this process is re-
peated, until a maximum pen deflection is obtained for the weight of 
spring used in the drawbar pull recorder. Without removal of any 
of the weights they are again whirled slowly, and then pushed up 
slightly to take care of any lost motion in the down direction, and the 
paper chart is moved. This process is continued till only one weight 
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remains on the dead weight tester. To obtain the drawbar pull in 
pounds t he average pen moYCments up and down for the same weight 
on the tester are mul t iplied by the area of the hydraulic cylinder 
underneath the car, 78.54 sq. in. Figure 14 shows a calibration curve 
from whi ch the drawba r pull may be determined for any length of pen 
movement. This method of calibrating the drawbar pull recorder docs 
not depend on the area of the recorder cylinder, nor docs it require 
that the spring used shall itself have any definite calibration. 
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Ill. A U XILIARY EQUIPMENT 
10. Recording Table.-For use in the new car an entirely new 
recording table \ms designed and built by the University of Illinois. 
It is near the rear of the operating room and is so placed that op-
erator;:;, obserYcrs, raihYay officials, and others interested in any t est 
which is being conducted can moYe freely around the table. 
11 . Recording Table Drive.-The moving parts of the recording 
table are driven t hrough a horizontal and vertical shaft and a gear 
box which is \Yclcled to the undcrframe of the car. The horizontal 
shaft connects to an axle-mounted Spicer gear drive - a standard 
piece of equipment on the Illinois Central Railroad System - through 
l\rn universal joints and a sleeve joint to the gear box. On an exten-
sion of the horizontal shaft through the gear box is mounted a multiple 
\'-pulley which drives the car lighting generator. The upper encl of the 
vertical shaft extends t hrough the car floor and drives the recording 
table by means of a square-jawed clutch which is contro lled by the 
first lever shown at the side of the tab le in Fig. 15. 
FIG. 15. R EAH VIEW OF RECOHDI NG MACH I NE 
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FIG. 16. GEAR c.~sE WITH CovER RE~JO\'ED 
12. Recording Table Gear Box.- To reduce noise and to promote 
safety, nearly all gears and highspeed moving parts are mounted in a 
central gear case (Fig. 16) on the base of the recorder, and all are 
run in oil. The clutch-controlled vertical shaft terminates within the 
gear case, in a horizontal bevel gear meshed with two similar gears 
on a horizontal shaft and so arranged that this shaft always turns in 
the same direction, regardless of the direction of motion of the car. 
An extension of this shaft projects through the gear case; on it is 
mounted a circuit-closing device to give a record of distance traveled 
on the chart. Two gear wheels of different diameters are mounted on 
the opposite ends of the horizontal shaft and, by means of the outside 
control lever, govern the speed of two electric tachometer generators, 
one of which is for the speed recorder and the other for a speed 
indicator. 
On this same end of the shaft is also a square-tooth clutch which 
permits the movement of the paper chart to be made on a distance 
basis or a time basis - by distance when geared to the car wheels and 
by time when driven by an electric motor. Shifting from the distance, 
time, or neutral position is controlled by the middle operating lever. 
Most tests are made on a distance basis; but special tests - especially 
certain braking or acceleration tests - often require a fast paper speed 
when the train speed is low. 
13. Paper Travel.-The rate of paper travel across the top of the 
recorder is controlled by the lever on the left-hand side of the table 
top, as shown in Fig. 17. The most convenient paper speeds have been 
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found to be 3.3 , 13.2, and 52.8 in. of paper per mile of track. However, 
the gears in the box underneath the car may be changed for any other 
paper travel or to allo\\· for different diameters of car wheels. The 
car "·heels driving the recorder "·ere turned to a cylindrical tread , and 
no brake shoes are used on them. 
14. R ecording P ens.-Thc pens used on the record chart arc lnk-
0-Graphs. They have proved very satisfactory. They are mounted in 
a vertical position, may be raised from the paper \\·ithout blotting, 
and are easily filled, cleaned , and maintained. Using the medium paper 
speed, one filling of the pens will usually record the test over 500 to 
600 miles of track, the sole exception being the drawbar pull 
recorder pen. 
15. Recorder Apparatus.-Figure 17 shows the operator's side of 
the recording table and the panel board mounted on the table top 
directly in front of him and in line with his Yision. This arrangement 
makes it possible for one man to operate the table in an emergency or 
F10. 17. FROJ"T VIEW OF RECORDl::\G MACHl::\E 
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during simple tests that require a mm1mum amount of data. Gener-
ally the recorder is operated by two men, one of whom is continually 
in telephone communication with an observer on the locomotive. 
At the left on the pane] board is the Micromax speed recorder 
which was removed from the old car. Under normal operation it gives 
a speed ordinate of 10 mi. per hr. per inch of pen travel up to 100 mi. 
per hr. Next is a vertical rod ending in a bell crank on its lower end. 
This rod goes through the roof of the car and is attached to a wind 
vane which gives a record on the chart of wind direction with respect 
to the car. Next is an electric type of speed indicator which is con-
nected in series with one placed in the cab of the locomotive. A toggle 
switch to the left of the indicator changes from a high to a low read-
ing scale. The eight gang switches control the operation of various 
pieces of apparatus used in making different tests. The single switch 
above the "eight group" operates the paper-driving motor. 
The General Electric timer operates the two outside pens, through. 
a relay, to give a record of time in Yz-sec., I-sec. , or 5-sec. intervals. 
On the right side are shown two of four electric counters which are 
used in connection with pens on the table to indicate the number of 
times a circuit has been closed. One may be employed in connection 
with the integrator to indicate work units or area under the drawbar 
pull curve; another is operated by a stoker contactor to show coal 
consumption; the other two, when operated by electric watermeters 
and properly calibrated, give water used. 
16. R ecorder Chart R ecord.-Directly beneath the panel board are 
shown ten of the twelve 32-volt electromagnets (only nine have ever 
been used in making a test) which make the important records on the 
chart. As shown in Fig. 18, the pens are arranged to record the follow-
ing data (starting at the left side): 
1. Time in 5-sec. intervals 
2. Water, left injector 
3. Water, right injector 
4. Coal 
5. Engine data, cutoff, throttle position, boiler pressure, steam 
chest pressure, back pressure, and steam temperature 
6. Wind direction 
7. Speed 
8. Indicafor cards 
9. Mile posts 
10. Wind velocity 
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11. Brake cylinder pressure 
12. Integrator or work indicator 
13. Operator's information 
14. Dra,Ybar pull 
15. Time in 5-sec. intervals. 
Four datum-line pens are mounted in front of the wind direction, 
~peed, brake cylinder pressure, and drawbar pull pens, are easily 
adjusted to positions \Yith respect to their recording pens, and may be 
raised from the table by a separate lever. Enough electromagnets are 
aYai lab lc to make records on the chart from which can be computed 
the amount of water used in the "blo"· down " of the boiler or when 
the safety valve opens. 
cl{. ....:?/"W11 lnp.>crvr, ---. 
->I"" Wind !?irection l =~0 
'r ~ 
Speed Recordt_ _,...,---~--~----~---..'.! 
Nile Posts ~ ~ ' 
I 
-- .-'t.,,...--
.Wind Veloc1 ·,v 
Brake C{llinder Pre.ssvre.L..r-------~==---------
lntegrgft?r or Work Recor<¥", 
~ ~~ ~ i. ~ <b ~ ~ ~. ~ 
ft - / -Opera-tor's lnrormgfion ~ 
·~ 
!?rt7wiu:rr Pvll Record 
!?rawba-r Pv/I /)QfVm 
Time 1"t]_ 5.:_s~c. Intervals 
_....,_; - ___ .._ -
FIG. 18. A SECTION OF THE RECORD CHART 
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FIG. 19. WATERM l; TER MOUNTED AT LEFT Srn1' OF L OCOMOT IVE 
17. Time R ecord.-An accurate time record on t he chart is im-
perative. For ordinary use a 5-sec. interval suffi ces, t hough the General 
Electric t imer gives an additional Y:! - and 1-sec. record. This timer is 
very accurate, deriving its exactness from the manner in which an 
electric circui t is closed on each oscillation of the clock balance wheel. 
A sensit ive relay operates a second relay to make the ~-, 1-, or 5-sec. 
offsets on the record chart. A pen on each side of the chart, the two 
being connected by a pen rod, makes offsets which serve as a guide 
for drawing Jines across the chart for references in working up the 
test resul ts and also for checking pen a lignment, so t hat all will be in 
one straight line across t he chart. 
For special tests, especially those having to do with accelerations, 
two other timing devices are available. One is a J aquet chronometer 
which closes an electric circuit every ~ sec. and thereby operates a 
relay which in turn causes one of the extra magnets to move a pen. 
The other is a 4-pen chronograph whi ch makes a record on a separate 
tape but is easily correlated " ·ith the record chart. This chronograph is 
operated by an electric tuning fork having a fundamental frequency 
of 50 cycles per second. A time interval of ~00 sec. is easily obtained 
and read from this instrument. 
Seconds per 
Contact 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7 .00 
7.50 
8.00 
8.50 
9.00 
10.00 
10.50 
11.00 
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TABLE 1 
CALIBRATION OF WATER~IETERS 
Gallons per Contact 
Seconds per 
Contact 
Right :\ l eter Left :\leter 
8.53 8.900 11. 50 
8.565 8.940 12.00 
8.625 8.980 12 .50 
8.695 9.030 13.00 
8. 769 9.095 13 . 50 
8.900 9. 190 14.00 
9. 020 9 .270 14.50 
9. 140 9.380 15.00 
9.275 9.500 15.50 
9.39l 9.630 16.00 
9.505 9. 770 16 .50 
9. 710 9.900 17 .00 
9.865 10.050 17 .50 
10.020 10. 200 18.00 
10. 175 10.350 18.50 
10.530 10.665 19.00 
10. 750 10 .850 19.50 
11 .020 11.030 20.00 
Gallons per Contact 
Right :\!eter Left :\Ieter 
11. 290 l l 220 
11 575 11 420 
11 875 l ! .620 
12.170 11. 820 
12 500 l 2.050 
12. 830 12. 280 
13. 165 12. 540 
13.500 12.810 
13.840 13.080 
14.175 l 3.350 
14 .510 13.635 
14 .840 13.930 
15 . 185 14.240 
15.520 14 . 520 
15.860 l4 .820 
16. 200 15.140 
16. 540 15 . 500 
16. 880 15 .840 
18. Water R ecord.-Two special watermeters built, tested, and 
calibrated by the writer are placed in the water lines between inj ectors 
and water tender. They operate on the principle of a stre~mflow meter, 
and an electri c circuit is closed every t ime the moving element makes 
a certain number of revolutions. Figure 19 shows one of the meters 
in test position, and Table 1 gives the calibration test results. If the 
fl ow of \rnter to t he boiler is constant, as it usually is when t he 
inj ector is wide open, it is necessary only to determine the average 
t ime beb,·een offsets on the water records on the chart and to mult iply 
the ga llons per contact b:v the number of contacts made by t he " ·ater-
meters. The number of contacts at any time may be read on the elec-
tric coun te rs connected to the watermeters, and t he readings may be 
periodically \Hi tten on the chart by the recorder operators. Since the 
two meters are not made exactly alike, a different calibrat ion must 
be applied to each. 
19. Coal Record.- One of the hardest records to get in locomotiYe 
testing is that of coal consumption. To weigh the coal that is to be 
used is a time-consuming task, and if additional coal should be needed 
out on t he road where no weighing devices are available , the amount 
of coal actually used can be only approximated. At the end of the 
test, all remaining coal would have to be weighed. 
The method used on car No. 30 has proved very accurate and con-
venient. A worm gear was mounted on the engine shaft driving the 
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locomotive stoker. The stoker counter \\"aS calibrated by placing the 
tender loaded with coal on the scales and \Ycighing it. Then the stoker 
was set in operation and the number of contacts made by the stoker 
contactor was determined fo r the amount of coal passing through the 
stoker. The constant for each offset on the coal record of the test car 
chart is 21.8 lb. of coal for a Type B Standard stoker. 
20. Engine Data.- An observer on the locomotive is in continuous 
communication with one of the recorder operators whenever a test is 
in progress. The receptacle to whi ch a cable plug is inserted that 
connects test car and locomotive is shown in Fig. 20. 'Vhcn any change 
occurs in boiler pressure, steam chest pressure, back pressure, throttle 
position, or cutoff, t he observer pushes a button that makes an offset 
in t he locomotive data line and announces the information , which is 
written directly on the chart. 
Frn. 20 . FRONT END OF CAR No. 30 
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The locomotive observer is also able to transmit to the test car any 
train order received by the train crew, especially if plans for the test 
have to be changed unexpectedly. When a long series of freight train 
tests is to be made over the same railroad division it is convenient to 
have train orders prepared in triplicate so that a set may go to the 
test car crew as well as to the trainmen in locomotive and caboose. 
Besides the test car observer on the locomotive, the presence of a 
traveling engineer, road foreman of engines, or someone else with 
authority to take over the operation of the locomotive should its per-
formance not be up to standard is advantageous. 
21. T elephone to Locomotive .- Three sets of telephone apparatus 
are available for communication between test car and locomotive. 
The set to be used at any one time depends on the personnel and on 
the type of test to be conducted. A loudspeaker system is not recom-
mended. When noise is not excessive the ordinary breast-type trans-
mitter and headphones are used, but a Laryngaphone throat set and 
Electrovoice lip microphone and receiver set are also available in case 
the noise level increases. 
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IV. 'VI.'.\D DIRECT!O.'.\" AND VELOCITY 
22. Trind Direction.-Th e wind direction record is made by a wind 
,·ane supported 2 ft. above the car roof. The shaft from the vane 
projects down into the car, carrying at its lower end a crank that is 
parallel to the vane and points in the same direction as the arrow on 
the Yane. The end of th is crank rides in a slot in a bar fastened to the 
pen rod, as shown in Fig. 17. The datum or zero pen is so set that the 
line dra 1rn by it and that clra\rn by the "·incl direction pen coincide 
"·hen the Yane is pointing in a direction parallel to the axis of the car. 
Since the car travels in only one direction during a test, the crank 
"·ill ahrnys point toward the front of the car, either on the datum line 
or to the right or left of it. 
23. Wind Velocity.-The "·incl velocity record is made by means 
of a Robinson cup anemometer, of the standard ·weather Bureau 
t~·pe, supported on a mounting about 2 ft. above the car roof. This 
anemometer is so constructed that an electric ci rcuit is closed and 
an offset made on the record chart by the wind Yelocit~- pen eYery 
time it registers 0.1 mi. of wind - that is, every time one tenth of a 
mile of wind has passed the car. This record, then, consists of a line 
haYing offsets in it at intervals which represent 0.1 mi. of \1·ind. The 
time interval between offsets, which may be obtained from the time 
record on both sides of the chart, is a measure of the wind ,-elocity 
relative to the car. This velocity, V11 , may be determined as foll01rn: 
3600 360 
Vn= -- = -
lOt t ' 
(1) 
where t is the time in seconds bet11·een any t\rn offsets in the "·ind 
velocity record. This gives the average velocity of the wind relative 
to the car during the time t. 
24. Determination of Absolute Direction and Velocity.-lf it is 
desired to find the absolute direction and velocity of the wind at a 
point x-y of Fig. 21a, then from 0 as a center with a radius of % in. 
(which is the length of the crank at the bottom of the wind vane 
shaft) an arc is described intersecting the datum line at d. The direc-
tion of the wind relative to the car is o d, and the wind vane was 
pointing in the same direction as the crank. 
The relative direction of the wind having been determined, its 
relative velocity is found by counting the seconds between two offsets 
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FIG. 21. DETER:'>·!I~ATIO~ OF \Y1~D DrnECTIO~ A~O \"~~LOC ITY 
on the \\·ind velocity record , nearest the point x-y, and applying the 
formula for Vn as given in Equation (1). The line h e in Fig. 21c is 
drawn parallel to o d and of such length that it will represent to some 
scale the relatiYe velocity found from Equation ( 1). The speed of the 
car is next found from the speed record on the chart. A line e f is 
clra,1·n, parallel in direction to the motion of the train and of such 
length that its length represents, to the selected scale , the speed of 
the train. 
Care must be taken to haYe this line so clra1Yn that the arrows 
representing the direction of motion shall follow around from h to f. 
The closing side of the triangle, hf, will then represent in both 
direction and magnitude the absolute direction and Yelocity of the 
"·incl , the direction being as shown by the arrow. 
Figure 21b shows the method adopted for designating the absolute 
wind direction. Thus, in the case set forth above, if the angle hf g is 
60 deg., the designation will be -60° L. 
• 
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V. SPEED AKD OTH E R R ECORDS 
25. Speed R ecorder.-Onc of t he most difficult records t o get on t he 
test car chart is that of speed. The instrument must be kept In perfect 
calibration, must wi thstand the severe shocks encoun tered in freight 
t rain operation , and must give a readable indicat ion at low speed. The 
Leeds and Northrup poten tiometer t ype recorder fulfill s t hese require-
ments satisfactorily. It is mounted on the panel board, so that the 
recording mechanism operates one of t he regular test car pens and 
is in line wi th a ll other pens on the chart. 
Th e vari able Yol tage applied to the recorder is furni shed by a 
Ylodel 44 magneto generator geared to the wheels of the car t hrough 
a sha ft extending from the recorder gear box. The calibration is simple, 
sin ce a magneto speed of 2000 rev. per min. will generate 12 volt::::. 
causing a full 10-in. movement of the speed pen, whi ch represents a 
car speed of 100 mi. per hr. Since the voltage generated by the magneto 
is directly proport ional to the speed, any ruler graduated in inches 
and ten ths of inches may be used to read speeds on the chart . The 
earn speed of the recorder has been in creased from that of th e 
ordin ar~' potentiometer so that the pen will make a full- scale defl ec-
t ion from 0 to 100 mi . per hr. in 10 sec., whi ch is faster th an any t rain 
will acce lerate . Because t he movement of t he speed pen is made in 
sma ll steps, some care must be exercised in taking readings, in order 
to get an average between two or more steps. The speed recorder may 
be ca li brated at any t ime, e\·en " ·hen the car is at a standstill , by 
applying any Yoitage bel\ycen 0 and 12 and checking t he pen 
movement. 
26. Indica tor Card R ecord.-Thi s record is simply a pen record 
wi th an offset, made every time an indicator card is made, with the 
card number wri tten beside t he offset. In this \my, train operat ing 
data may be correlated wit h indicator cards. 
27. Mile Post Record.-Projccting windows, shmrn in Fig. 7, are 
placed on each side of t he car, " ·here an observer notes t he location 
of the mile posts a long the right -of-way. Pressing a button makes an 
offset on the mile post record , and t he table operator writes t he num-
ber on t he record chart opposite the offset . This record permits the 
location of the car to be determined accurately when working up 
the test. 
Trainmen use the observation windows to look over t heir t rain, 
especia lly when moving around curves. The glass in the windows is 
shatterproof. As shown in Fig. 22, the windows are close to the 
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recorder so t hat the operators may observe the mile post location in 
case the test car crew is short -handed. At night, powerful spotlights 
are turned on the mile posts so that t hese may be located and t he 
numbers read. As soon as a mile post is passed, the spot lights are 
turned off. 
The observation windows and the mile post push-button have been 
used, in making curve resistance and operation tests, to note the times 
(and place on the chart) at which the train enters and leaves a 
section of curved track. 
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28. Brake Cylinder Pressure R ecord.-A small recorder mounted 
on the right side of the table has its cylinder connected to the brake 
cylinder of the test car. The piston rod is attached directly to the pen, 
and no reducing motion is required. In \\·orking up the record charts, 
this record is used to point out the places "·here brake app li cations 
were made and to show ho\\· the brakes were applied. 
29. Integrator.-The integrator, or work recorder, is a special 
instrument designed by the University. It is shown in Fig. 23; Fig. 
22 and Fig. 15 sbo,,· it mounted on the recording table. 
Frc. 23. INTEGRATOR (WoRK RECORDER) 
The integrator consists of a portion of a perfect sphere driven 
through gears by the wheels of the test car, and turns proportionally 
to the distance traveled. A steel cylinder connected to an arm that 
is attached to a rod controlled by the drawbar pull recorder moves 
around the surface of the sphere, and is held in firm contact with it by 
a spring. A cam on the cylinder closes an electric circuit which 
energizes a relay that in turn operates one of the table pens and one 
of the electric counters on the table panel board. 
L 
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The integrator causes offsets to be made in a line, the distance 
bet\Yeen offsets being proportional to the pulling force at the clraw-
bar and the distance tranlcd, \Yhich in turn represents work clone. 
Vi'hen no dra>Ybar pull is being exerted and the cylinder is on the 
part of the sphere direct!~· in line with the traveling shaft and at an 
angle of 90 deg. with it, even though the sphere is turning because of 
the monment of the car, the cylinder "·ill not turn - indicating that 
no \YOrk is being done. The same condition will exist when the car 
is "landing still but the locomotive is exerting a drawbar pull . 
The integrator indications, together with the time record on the 
chart. permit calculation of the rate at which work is clone; this figure 
gin~ the horf:epowcr deYcloped by the locomotin. 
The integrator is calibrated b~· removing the spring from the dra,,·_ 
bar pull recorder, f:ctt ing the dra\\·bar pull pen at different ordinate~ 
from the datum line , and driving the record chart across the table. 
Rectangular areas result for a certain number of off,,ct;;, the length 
representing the cli,;tance traveled per inrh of paper travel, and the 
\\·id th the clrawbar pull; the uni t depends on the size of spring and 
area of r·~·linder used in the clrawbar pull recorder. The area in square 
inchc~ per offset give" a working con,,tant for the integrator and 
should be the ;;ame for all ordinate :o:cttings of the drawbar pull pen. 
If a ;;;light difference exists , an average of all areas should be taken. 
\Yh en proper]~· maintained and calibrated the integrator saves a 
great amount of work and time in the making of comparative tests. 
It i~ necessar~· only to set the electric counter at zero ,,·hen the test 
starts and to read the number of offsets recorded \Yhen the te~t is 
completed. If excessive brake applications han been made during the 
tests, it may be necessary to subtract the number of offsets made 
during the time that the brakes \\·ere applied and the locomoti,·e 
throttle \\°aS partly opened. 
30. Direct-Current Selsyn Equipment.-Aftcr considerable experi-
mentation d-c. Selsyn transmitters have been applied to the 'rnter 
tender to show the height of the water at all times, and to reYerse 
lever, throttle, and boiler steam gauge " ·ith appropriate indicators 
mounted on the panel board of the recording table and in the loco-
motive cab. These instruments relieve the cab observer of much work. 
Five special indicators have been built, to be mounted on the 
right side of the table, for recording boiler pressure, steam chest pres-
sure, back pressure, and any other pressures in case it should be desired 
to study and compare the continuous records thus made. 
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31. R ecorder Paper and Jnk.-Paper for the recorder is ordered in 
roll s 30 in. long, 10 in. in outside diameter, and wound on a stiff card-
board or fiber cy linder whose inside diameter is 3 in . This will fi t oYer 
a wooden cylinder that is expanded in the paper roll, holding it fast 
to a Rteel axle. Two steel roll s pu ll the paper across the face of the 
recording table , and as it unrolls the fin ished chart is ,,·ound on 
another 3-in. ,,·ooden roller. An ad justa bl e friction clu tch controls the 
tension that is put on the fin ished chart. 
A white utili ty sulphi te paper gives good result:- in the making of 
dynamometer car tests. Specia l or high -price ink is not nccc:=;sary; a 
good grade of fountain pen ink has proYcd most satisfacto ry. Th e 
ink should not run on the paper , and it should dry rapidly , so t hat 
it wi ll not be moist when it reaches the front of the tab le. 
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The Bonding Action of Clay : Par t II-Clays in Dry Molding Sand, by R. E. 
Grim a nd F. L. Cuthbert. 1946. Free upon request. 
Studies of Slab and Beam Highway Bridges: Part I- T ests of Simple-Span 
Right I-Beam Bridges, by N. M. Newmark, C. P . Siess, and R. R. Penman. 
1946. Free upon request. 
Steam Turbine Blade D eposits, by F. G. Straub. 1946. Free upon request. 
Experience in Illinois wi t h J oints in Concrete Pavements, by J . S. Crandell , 
V. L. Glover, W. C. Huntington, J. D. Lindsay, F. E. Richa rt, and C . C. 
Wiley. 1946. In press. 
Performance of an Indirect Storage T ype of H ot-Water Heater, b~, A. P. Kratz 
and W. S. H arri s. 1947. Free upon request. 
Influence Charts for Computation of Vert ical Displacement s in Elastic Founda-
t ions, by N . M. Newmark. 1947. Free upon request. 
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368 . Thl' Effod of E c·r·rnt ri (' Loading, P rotective Shells, SIPnde nwss Rat ios, and 
Other \ 'a ri ables in Re in fo rced C'onC' retP Columns, b.\· F. E. Richart, J. O. 
D raffin , T. A. Olson, and R II. Heit man. 1947. f n press. 
369 . St ud ies of High \\"a.\· Ske\\" f:> la h-Bridges \Y ith Curbs: Pa r t I , Resul ts of An-
a l>·ses, by \" . P . Jcnspn a nd .J. \\ -_ AllPn. 1947. Free 11pon req1w;t. 
370 . The Illinois SmokPlcss Furn :H·c', b.\· J . R. FellmYs, ,\ , P. l\: ra tz, and S. Konzo. 
1947. Free upon req11est . 
371. Rate of Propagat ion of Fat igue• CraC' ks in 12-inch b.\· %:-inch Steel Plates \\·it h 
SPVP l'C ' (;poml't ri cal Strpss-Lta isers, h>· \Y. :\1. \\"ilson a nd .J. L. Burke. 1947. 
Free 11pm1 req11rst. 
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l'a pC' rs Prc•spntPd at t lw T\\"C' n t>·-C'ighth Annual Confe rence on Higlrn·a>· Engi-
nePring, held at thP l"ni versit>· of Ill inois ;\la rC' h .5-7, 10-U. 1942. Free 
upon reque.,t . 
P:qw rs PresPn ted at the• Sixt h Short Course in Coal l:t ili zat ion, held at the 
Cni vP rsit>· of Illinois :\la.\· 21-23, 1041. 1942. Free 11pon req1<est. 
Combust ion E ffi ciencies as R elated to PPrfo rmance of D omest ic H eating Pla nts, 
h.\· A. P. Kra tz, S. K onzo, and D. \\·. Thomson. 1942. Forty cents. 
Simplified P rocedure fo r Selcet ing Ca pacities of Duct S.\·stems fo r Grnvit>· Warm-
Air H eating Pla nts, b>· A. P . K ratz a nd f:>. K onzo. 1942. F~fty-jive cents. 
ll a nd-Firing of Bi t uminous Coal in t he H ome, b,· . .\. P. K ratz, .J. H . Fellows, 
a nd J . C. i\Iilcs. 1942. Free upon request. 
Sa vf' Fuel for Victory . 1942. Free upon req11est. 
i\1 agnd ron Oscilla tor for Instru ct ion and Research in ;\li cro\\"aVC' T echniques, 
h>· J . T . T >· koC' irw r and L . R. llloom. 1944. fi'o rty cents. 
The D ra inage of Airports, by W. \\" . H orner. 1944. fi'~(ty cents. 
Bibliograph _v of E lectro-Orga nic Clwm istn-, h~· S. S\\"ann, Jr. 19J5. I n press. 
Rating Equations for H and-Fired \\'a rm-,\ir Furnaces, h>· A . P. K ratz, S. E:onzo, 
a nd J . A. H em y. 194.5. Si.rty cents . 
Thl' Ra ilroad Drna momctcr Car of t h<' r ni versit\· of Illinois a nd thl' Illinois 
CPn tral Ra il ro.ad, by J . K . Tu thill. 1947 . Free 0 11pon request. 
R eprints 
28 . 'fl' nl h P rogrpss Report of t lw .Join t In vestigat ion of Fissures in R a il road R ails, 
by R E. Cramer a nd R. S . .J C'nsC'n. 1944. Free upon request . 
29 . SPcond Progress R eport of t he In vest igat ion of Shelly Spots in R a il road R ails, 
b>· R. E. Cramer. 1944. Free upon req11est. 
30. Seeond Progress R eport of the In vPst igation of Fat igue Fa ilures in R a il J oin t 
Ba rs, by ~- J . Alleman. 1944. Free npon request. 
31. Principles of H eat TrPat ing Stl'cl, b.\· I-I . L. ·w alker. 1944. Fifteen cents. 
32 . Progr<'SS R eports of In vest igation of R a il road Ra ils and J oin t Bars, by I-I. F. 
i\loorP, R . E. Cramer, ~- J . Alleman, and R . S. J ensen. 1945. fi'ree upon 
request. 
33 . P rogress Report on the E ffect of t he Rat io of \\'heel Diameter to Wheel Load on 
Extent of Rail D a mage, by i'\ . J . Alleman. 1945. Fifteen cents. 
34. P rogress Report of t he J oin t Invest igat ion of :\Iethods of R oad bed Stabilization, 
b.v R. B . Peck. 1946. Free upon request. 
35 . Progress R eports of Investigat ion of R ail road Rai ls and J oin t Bars, by R. E. 
Crampr, .:\"" . J . Alleman, a nd R . S. J ensen. 1946. Free upon request. 
36 .. E lectro-Organic Chemical Preparations ; Pa rt III, by S. Swa nn, Jr. 1947. Free 
upon request. 
37. Progress R C'por ts of Inves tigation of R a ilroad R ails and J oin t Bars, by R. E . 
Cra mer, :-J. J . Alleman, a nd R . S. Jensen. 1947. Free upon request. 
38. P rogress Report of the J oin t Investigation of Methods of Roadbed Stabili zation, 
by R. Smith , R. B . Peck, and T . H. Thornburn. 1947. Free upon request. 
